Metal-driven Operation of the Human Large-conductance Voltage- and Ca^(2+)-dependent Potassium Channel (BK) Gating Ring Apparatus by Javaherian, Anoosh D. et al.
SUPPLEMENTAL FIGURES 
 
Supplemental Figure S1. Identity of the purified BK CTD by mass spectrometry. 
The identity of recombinant BK CTD was confirmed by mass spectrometry after in-gel digestion of the 
protein with chymotrypsin. BK peptides were analyzed by nano-flow liquid chromatography on line with 
tandem mass spectrometry. (A) BK peptides identified by mass spectrometry (underlined) account for 
67% of the total sequence. (B) The spectrum shown allowed the identification of the hSlo peptide 
TQVEFYQGSVLNPHDL. Diagnostic b- and y-series ions are shown in red and blue, respectively. 
 
Supplemental Figure S2. Secondary Structure organization of the BK channel Gating Ring. (A) The far-
UV CD spectrum of the purified gating ring (Fig. 1C) was analyzed using three different algorithms 
(CDSSTR, CONTIN/LL, and SELCON3) of the CDpro software and the estimated secondary structure 
compositions. NRMSD is the normalized root mean-square deviation used to evaluate the goodness of the 
fitting. For comparison, the secondary structure compositions from crystallographic studies (3NAF) 
obtained from the DSSP (1) and STRIDE (2) reference sets for human BK channel gating ring (B) The 
purified region of the hSlo C-terminus used in this study (red) is shown compared to the currently 
available crystallographic study (3). Gray shading or dotted lines depict unresolved regions. 
 
Supplemental Figure S3. Purification and structural analysis of the Ca2+-bowl mutant gating ring. This 
figure shows the purification of the protein used for the data in Fig 5. (A) Purification of the Ca2+-bowl 
mutant (D894-898N) C-terminus. 12.5% SDS-PAGE reveals that the mutant migrates with an apparent 
MW = 72 kDa, similar to the wild-type protein (Fig. 1B). (B) Far-UV CD spectrum of the Ca2+-bowl 
mutant C-terminus reveals a similar folding as the wild-type (see Fig. 1C for the wild-type gating ring 
spectrum; Fig. S2B and Table 3 for wild-type and Ca2+-bowl mutant CD analysis, respectively). 
 
Supplemental Figure S4. The effects of Ca2+ and Mg2+ on the BK gating ring are non-additive. The plot 
shows superimposed fluorescence emission spectra from the gating ring in solution excited at 395 nm. 
The Trp fluorescence intensity of the gating ring decreased by ~30% with the addition of 35 M free 
Ca2+. Supplementing this solution with Mg2+ up to 12 mM brought about only a minor alteration of the 
fluorescent properties of the gating ring; in contrast, addition of 12 mM Mg2+ in Ca2+-free solution 
produced a much stronger quenching of fluorescence (Fig. 4B), suggesting that the effects of Mg2+ and 
Ca2+ in the isolated BK gating ring are non-additive. 
 
Supporting Table S1. Ca2+ effect on the BK WT-Gating Ring Tryptophan Fluorescence Lifetime: Fitting 
Parameters. This table contains data relating to Fig. 3A. Lifetime fluorescence experiments were 
performed with ex= 296 nm and em=340 nm to 10,000 counts with time-correlated single photon 
counting (TCSPC). As the free [Ca2+] was increased, a decrease in the avg was observed, suggesting an 
altered conformation of the gating ring. 
 
Supplemental Table S2. The Mg2+ effect on the WT BK Gating Ring Trt Fluorescence Lifetime: Fitting 
Parameters. This table contains data relating to Fig. 3B. Lifetime fluorescence experiments were 
performed similar to that in Supporting Table S1. As with Ca2+, when the free [Mg2+] was increased, a 
structural rearrangement was revealed by a decrease in the avg of the fit.  
 
Supplemental Table S3. The secondary structure elements proportion of the Ca-bowl-neutralized gating 
ring. This table contains data relating to Supplemental Fig. S3. The far-UV CD spectrum of the purified 
Ca2+ bowl mutant gating ring was analyzed as in Fig. S2A. The mutant gating ring consists of both a 
fewer number and percentage of -helices, but a larger number and percentage of -sheets. 
 
Supplemental Table S4. The Ca bowl mutant gating ring responds to Ca2+. Lifetime fluorescence 
experiments were performed as in Supplemental Tables S1 and S2. The decrease in avg of the fit suggests 
that the Ca2+-bowl mutation alone does not abolish Ca2+ sensitivity in the BK gating ring.  
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Ca2+ effect on the WT BK Gating Ring Tryptophan Fluorescence Lifetime: Fitting Parameters 
[Ca2+], M 0.00058 0.67 12 35 
1 (ns) 0.54 ± 0.092 0.43 ± 0.0790 00.40 ± 0.0980 0.42 ± 0.099 
2 (ns) 01.7 ± 0.063 1.5 ± 0.010 001.5 ± 0.0110 01.4 ± 0.010 
3 (ns) 05.3 ± 0.080 5.1 ± 0.033 004.8 ± 0.1100 04.9 ± 0.078 
1 0.40 ± 0.024 0.17 ± 0.0036 00.12 ± 0.0110 00.12 ± 0.0065 
2 0.51 ± 0.022 0.80 ± 0.0034 00.85 ± 0.0120 00.86 ± 0.0059 
3 0.082 ± 0.0025 0.033 ± 0.00026 0.021 ± 0.0010 0.019 ± 0.0062 
f1 0.14 ± 0.028 0.050 ± 0.00770 0.034 ± 0.0066 0.036 ± 0.0091 
f2 0.57 ± 0.019 0.83 ± 0.0066 00.89 ± 0.0039 00.90 ± 0.0075 
f3 0.29 ± 0.011 0.12 ± 0.0012 0.074 ± 0.0034 0.067 ± 0.0017 
avg (ns) 02.6 ± 0.010 01.9 ± 0.0058 001.7 ± 0.0045 001.6 ± 0.0027 
2 01.1 ± 0.013 01.1 ± 0.0053 01.08 ± 0.0170 01.1 ± 0.017 
 
Javaherian et al. 
Supplemental Table S1 
 
 Mg2+ effect on the WT BK Gating Ring Tryptophan Fluorescence Lifetime: Fitting Parameters 
[Mg2+], mM 0 0.011 0.10 1.2 12 
1 (ns) 00.45 ± 0.0670 00.12 ± 0.02400 00.37 ± 0.150 00.28 ± 0.1500 0.033 ± 0.0082 
2 (ns) 001.5 ± 0.0290 001.4 ± 0.00680 001.4 ± 0.0350 001.4 ± 0.0250 001.4 ± 0.0040 
3 (ns) 004.7 ± 0.0290 004.5 ± 0.01200 004.5 ± 0.0820 004.2 ± 0.1200 004.0 ± 0.0460 
1 00.34 ± 0.0056 00.49 ± 0.05000 00.30 ± 0.0660 00.22 ± 0.0240 00.68 ± 0.0700 
2 00.56 ± 0.0042 00.45 ± 0.04400 00.65 ± 0.0610 00.74 ± 0.0230 00.31 ± 0.0680 
3 0.094 ± 0.0025 0.060 ± 0.00580 0.052 ± 0.0044 0.036 ± 0.0020 0.013 ± 0.0028 
f1 00.10 ± 0.0130 0.058 ± 0.00110 0.069 ± 0.0180 0.043 ± 0.0150 0.044 ± 0.0029 
f2 00.59 ± 0.0100 00.66 ± 0.00040 00.75 ± 0.0140 00.84 ± 0.0160 00.86 ± 0.0046 
f3 00.30 ± 0.0033 00.28 ± 0.00074 00.18 ± 0.0049 00.12 ± 0.0038 00.10 ± 0.0040 
avg (ns) 002.4 ± 0.0150 002.2 ± 0.00930 001.9 ± 0.0180 001.7 ± 0.0270 001.6 ± 0.0150 
2 001.1 ± 0.0032 001.1 ± 0.01500 001.1 ± 0.0140 001.0 ± 0.0022 001.1 ± 0.0029 
 
  
Javaherian et al. 
Supplemental Table S2 
 
Secondary Structure Composition of the BK Ca-bowl-mutant Gating Ring 
 CDSSTR CONTIN/LL SELCON3 
-helix (%) 26.2 27.7 26.9 
n-helix 19.3 21.3 20.8 
-strand (%) 23.2 22.4 22.5 
n-strand 31.6 31.2 31.2 
Turn + Unordered (%) 50.2 49.9 49.9 
NRMSD 0.0240 0.115 0.0350 
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Ca2+ effect on the BK Ca-bowl-mutant Gating Ring Tryptophan Fluorescence 
Lifetime: Fitting Parameters 
[Ca2+], M 0.00058 35 
1 (ns) 0.37 ± 0.071 0.28 ± 0.053 
2 (ns) 2.0 ± 0.12 1.7 ± 0.12 
3 (ns) 5.6 ± 0.12 05.3 ± 0.079 
1 0.33 ± 0.031 0.36 ± 0.014 
2 0.33 ± 0.026 0.31 ± 0.022 
3 0.33 ± 0.028 0.33 ± 0.029 
f1 0.15 ± 0.019 0.12 ± 0.027 
f2 00.46 ± 0.0036 0.55 ± 0.042 
f3 0.39 ± 0.019 0.33 ± 0.029 
avg (ns) 03.2 ± 0.015 2.7 ± 0.12 
2 1.04 ± 0.016 01.0 ± 0.038 
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